] complexes have been determined by X-ray crystal structure analysis. Both complexes exhibit the hexacoordination coordination polyhedra around copper atom that lies in the crystallographic center of symmetry. The distorted tetragonal-bipyramidal (4+2) arrangement is in good agreement with spectral data that have suggested an asymmetric chelate coordination of the carboxylic group.
Introduction
The metal carboxylates are interesting from a chemical point of view as the carboxylate ion can coordinate to metals in number of ways: as a unidentate ligand, as a chelating ligand, as a bridging ligand, or as a monoatomic bridging ligand. This causes the existence of a rich family of compounds with various structures (DEACON and PHILLIPS 1980, RAO et al., 2004) . Moreover pyridinecarboxylates due to presence of pyridine nitrogen atom can act as N-donor ligands in addition to their carboxylate O-donor ability. Some crystal structures of copper(II) 2-chloronicotinate complexes have been published (JIN et al., 2012; 2014; MONCOL et al., 2002; 2006; 2007) .
In this paper, we described synthesis, spectral properties and crystal structure of 2-chloronicotinate copper (II) 
Material and Methods

Chemical reagents, analysis and physical measurements
All used chemicals were of reagent grade and used without further purifications. Derivatives of furopyridine (FP, MFP and BFP) have been prepared using EloyDeryckere procedure (ELOY and DERYCKERE, 1971) . The complex [Cu 2 (2-Clnic) 4 (H 2 O) 2 ] was prepared by procedure described in (MONCOL et al., 2006) . Carbon, hydrogen, nitrogen and sulfur were determined by microanalytical methods (Thermo Electron Flash EA 1112). Analytical data for the complexes are given in Table 1 . Electronic spectra (9 000 -50 000 cm -1 ) of the powdered samples were recorded on a Specord 200 (Karl-Zeiss). IR spectra were recorded on FT-IR spectrometer (Nicolet 5700, Thermo Scientific) with a SmartOrbit TM diamond ATR accessory in range of 4 000 -400 cm -1 at room temperature (r.t.). EPR spectra of powdered samples were measured a Bruker 200D SRC X-band (9.4 GHz) at room temperature. The simulations of the EPR spectra were performed using the commercially available program SIMFONIA (Bruker). 
Crystallography
Data collection and cell refinement of 1 and 2 were carried out using a κ-axis diffractometer Xcalibur S CCD (Oxford Diffraction) with graphite monochromated MoKα radiation. The diffraction intensities were corrected for Lorentz and polarization factors. The structures were solved using program SHELXT (SHELDRICK, 2015a) or Olex2.solve (BOURHIS et al., 2015) and refined by the full-matrix least-squares procedure with SHELXL (version 2016/4) (SHELDRICK, 2015b). Geometrical analyses were performed with SHELXL. The structures were drawn using the OLEX2 package (DOLOMANOV et al., 2009) . Crystal data and conditions of data collection and refinement are reported in Table 2 . (10 cm 3 ) was added. Solution was then heated to reflux for 15 minutes and then filtered off. Mixture then evaporated at r. t. and subsequent crystals were separated, washed with methanol and dried at r. t.. Yield: complex 1 -0.3 g (59 %, green); 2 -0.17 g (29 %, blue); 3 -0.39 g (78 %, blue green); 4 -0.32 g (62 %, blue). 3 ) and water (1 cm 3 ). To this solution was added ligand (FP = 0.26 g; MFP = 0.29 g; BFP = 0.37 g) in methanol (5 cm 3 ). 2-Chloronicotinic acid (1 mmol, 0.157 g) in methanol (10 cm 3 ) was then added to the solution. Reaction mixture was stirred for 1 hour and filtered of. Mixture was then evaporated at r. t. and crystals were formed and separated. Yield: 7 -0.2 g (65 %, blue); 8 -0.15 g (47 %, blue); 9 -0.3 g (84 %, blue). Molecular structure of complexes 6 and 7 are given in Fig. 2 . Both cases crystallize in monoclinic system with space group P2 1 /c. The molecular structures show the both compound have mononuclear units with a trans square planar configuration, in which the copper(II) atoms are coordinated by carboxylate oxygen atoms of two 2-chloronicotinate anions and two nitrogen atoms of benzimidazole (6) or furo[3,2-c]pyridine (7) ligands. The distances of Cu-O1 are 1.961(1) and 2.160(3) Å, respectively, and Cu-N1 are 1.920(2) and 1.998(3) Å, respectively. The remaining carboxylate oxygen atoms of both complexes, which are weakly (6) or more strongly (7) bonded to the copper atom [Cu2-O2 = 2.890(2) Å or 2.281(4) Å, respectively] in the direction of the Cu1-O2 bonds, lie at 50.14(6) and 58.59(11)°, respectively, from the normal to the CuO 2 N 2 plane and complete a tetragonal-bipyramidal (4+2) coordination. The complexes 6 and 7 represent two opposite examples of variability of the tetragonal-bipyramidal coordination of copper(II) carboxylate complexes (MONCOL et al., 2004) . The complex molecules of 6 are linked through N-H···O hydrogen bonds between imidazole nitrogen atoms (N2) and carboxylate oxygen atoms (O2) of neighboring complex molecules [N2-H2···O2 (-x, 1-y, 2-z) with N2···O distance of 2.757(2) Å and N2-H2···O angle of 160°] into 1D supramolecular chains (Fig. 3) . The crystal structure of 6 contains also π-π stacking interactions (JANIAK, 2000) between imidazole rings of benzimidazole ligands [angle between two planes of π-π stacking interactions of 0.0°, the centroid-centroid distance of 3.88Å with shift distance of 1.66Å], and between pyridine rings of 2-chloronicotinate ligands [angles between two planes of π-π stacking interactions of 5.4°, the centroid-centroid distances of 3.86 and 3.87Å with shift distances of 1.10 and 1.28Å] (Fig. 4) . The π-π stacking interaction (JANIAK, 2000) have been also observed in crystal structure of 7 between pyridine rings of furo[3,2-c]pyridine ligands [angles between two planes of π-π stacking interactions of 12.4°, the centroid-centroid distances of 3.88Å with shift distances of 1.93 and 1.38Å] (Fig. 4) . 81.41(6) 89.34(10) * Also for Cu1-D * symmetry codes: 1-x, 1-y, 2-z (for 6), 1-x, 1-y, 1-z (for 7).
Preparation of the complexes
Results and Discussion
IR, electronic and EPR data
All the typical features of IR spectra are clearly compatible with the structural characteristics of the complexes under study. Some characteristic IR bands of the sodium salt 2-Clnic Na·H 2 O as well as of Cu(II) complexes are given in Table 4 . The IR spectrum of complex 2 shows absorption bands in the region from 3 200 to 3 500 cm -1 . These bands correspond to the antisymmetric and symmetric OH stretch and confirm the presence of water. IR spectrum of the complex 4 has sharp band at 3 492 cm -1 . This is stretching vibration of OH and confirms presence of methanol in complex structure that is in good agreement with elemental analyses. a vs -very strong; s -strong; m -medium; br -broad; sh -shoulder,
The difference between the antisymmetric stretch and symmetric stretch (Δ) gives information on carboxylic bonding mode for the complexes after comparison with Δ of compounds with ionic carboxylic groups (NAKAMOTO, 1977) . The difference between the antisymmetric stretch and symmetric stretch for 2-Clnic complexes could not be determined accurately due to an overlap of ν as (COO -) with the stretching vibration of C=N of the pyridine ring. For sodium 2-chloronicotinate, the Δ value is 194 cm -1 . Similar Δ value for the complex 1 (197 cm -1 ) and 3 suggest bridging carboxylic group. For complex 1 it is confirm from electronic spectra. The greater Δ value for the complexes 4 (199 cm -1 ), 6 (228 cm -1 ), 7 (201 cm -1 ) and 8 (208 cm -1 ) suggest, that carboxylic group is probably coordinated in an asymmetric chelating manner. In this case, the Δ values are comparable to those of unidentate complexes (NAKAMOTO, 1977) . The lower Δ value for the complexes 2 (187 cm -1 ) and 5 (182 cm -1 ) suggest, that carboxylic group is probably coordinated in chelating manner. ; complex 2, and 867, 1064 cm -1 , complex 4 respectively. This shift suggest coordination these ligand via nitrogen atom of pyridine ring (MILATA et al., 2008) .
The band of stretching vibration amide group C=O is at 1 626 cm -1 for free ligand, and is shifted to 1 686 cm -1 in the complex 3. This suggests that ligand INA is in the complex 3 as bridging. 
The solid state electronic spectra of complex 1 show a broad absorption band (band I) v visible region with maximum at 13 200 cm -1 (Table 4) , which is assigned to a d xy,yz → d x 2 -y 2 transition (KATO and MUTO, 1988) . Moreover, the spectrum of complex 1 displays a shoulder at about 25 100 cm -1 (band II). Band II has been assigned to charge transfer absorption and is believed to be indicate of dimeric complex. Finally, complex 1 displays band I and II in the usual range for Cu(II) compounds in square-pyramidal CuO 4 N environment. Electronic spectra of all other copper(II) complexes under study exhibit a asymmetrical broad ligand field band with a maximum at from 13 100 cm -1 to 18 100 cm −1 . This type of d-d spectra for complexes 2 -9 is typical for tetragonally distorted octahedral copper(II) complexes (LEVER, 1984) . In the complexes 5 and 6 it is possible watch little evolve shoulders near 14 600 and 14 400 cm -1 by Jahn-Teller effect. In others complexes is splitting d-d transition very little of shining and it is not possible determination of position individual bands.
The solid state EPR spectra of complexes 2, 4, 5, 6, 7, 8 and 9 are of monomeric type, exhibiting allowed transitions (ΔM S =1) characteristic of species with S=1/2. The EPR spectra exhibit axial symmetry pattern giving g-tensor values listed in Table 5 . The axial character with g || > g ⊥ G values close to four are in agreement with the elongated pseudooctahedral geometry having a d x 2 -y 2 ground state.
